The digestive tract of the carp which is stomachless, has long been the subject of discussion and investigation. SMALLWOOD and SMALLWOOD (1931) described the development of the intestine, and EBERL-ROTHE (1952) dealt in some detail with the development of the intestinal mucosa. PICTET (1909) , CURRY (1939) , and AL-HUSSAINI (1949 a, b) studied the anatomical, histological, and cytological aspects of the digestive tract. KLUST (1939 KLUST ( -1940 gave a comprehensive account of the development, structure, and function of the intestine. KAFUKU (1966) discussed the morphological differences of the intestine occurring between the wild and domestic carp. However, the cellular peculiarity of the intestinal epithelium of this fish has been only inadequately studied from the functional viewpoint, although an unique appearance of absorptive cells in relation to feeding has been demonstrated for the related goldfish (MCVAY and KAAN, 1940; YAMAMOTO, 1966; IWAI, 1968 b) .
When the larval yolk is exhausted teleost larvae become dependent upon the environment for nourishment. Thus, the gut of teleost larvae at the onset of feeding no doubt plays an important role in maintaining their high rate of metabolism. In a series of reports on several teleost larvae, we presented evidence that the mid gut serves as the main region for fat absorption and the posterior gut shows a marked capacity for protein absorption (IWAI, 1968 b, c; IWAI and TANAKA, 1968 a, b) . To increase our knowledge of the absorption of nutrients in the gut of teleost larvae there is need for much additional information.
The objectives of this study were to elucidate the process of absorption of fat and protein in the gut of the carp at larval and juvenile stages, and, on the basis of fine structural features, to draw some conclusions concerning the absorption patterns in the gut epithelial cells of well-fed teleost larvae.
Materials and Methods
The present study was principally carried out with larvae and juveniles of the common carp, Cyprinus carpio LINNAEUS, hatched in laboratory tanks. About 40 individuals at two different stages were used. Those of the younger stage were 7.6-7.8mm in total length (3-day larvae) and had a yolk mass along the ventral contour of the belly. These larvae were fed for 1-4hrs upon a mixed paste of corn oil and casein as their initial food. At 1hr and again at 4hrs after administration of the experimental food, these larvae were immersed in the fixative. The specimens of another stage were 21.5-23.0mm in total length (45-day juveniles) and lacked a yolk sac. They were fed on Artemia nauplii and regular hatchery food, and were unfed for 48hrs prior to the administration of the experimental food. Small pieces of the gut from live juveniles were fixed 6hrs after administration of the mixed paste of corn oil and casein by injection through the mouth. In both cases, various portions of the gut of fasting individuals were appropriately fixed to serve as controls.
The fixation procedure employed was 2% chilled osmium tetroxide (at pH 7.3 with phosphate buffer) for 2hrs (MILLONIG, 1961) . The tissues were dehydrated in a graded series of acetone and embedded in Epon 812 (LUFT, 1961) . Thin sections were cut on a JUM-5A microtome, double-stained with uranyl acetate and lead citrate (REYNOLDS, 1963) , and examined in a JEM-7A electron microscope. Observations 1. General morphology of the gut in larval and juvenile carp. In larvae measuring 7.6-7.8mm, the gut is a simple straight tube, slightly bending along the ventral surface of the swim bladder (Fig. 7 c) . The gut widens below the swim bladder and runs straight toward the anus, gradually decreasing in diameter.
The gut mucosa is thrown into low zigzag folds or annular ridges.
The epithelium is a simple columnar type consisting of well differentiated columnar epithelial cells and a small numer of immature goblet cells. The columnar cells are more or less tall, In juveniles measuring 21.5-23.0mm, the gut forms a loop near the middle portion of the body, i. e., the gut bends forward for some distance and then is curved backward to run to the anus. The gut is nearly uniform in diameter, and its lining mucosa is thrown into narrow longitudinal folds. Like that of larvae, the epithelium of the gut mucosa is composed mainly of two cell types: the columnar epithelial cells which are the principal cell type, and the scattered goblet cells which become more numerous near the posterior end of the gut. The columnar cells
The other cell type, the so-called pear-shaped cell, is occasionally identified in the epithelium of the mid gut of juveniles (Fig. 1 ). These cells are less than half the height of the columnar cells and are situated near the luminal surface. PLEHN (1906) , BUHLER (1930) , KLUST (1940) , BULLOCK (1963) , AL-HUSSAINI (1964) , and other authors described them as being the secretory cells or immature stages of goblet cells.
On the contrary, LAGUESSE (1895), BERNDT (1938 ), HALE (1965 , and other authors described them as "parasites" from various organs of several species of fish. Recent electron microscopic studies suggest that they are protozoa (BANNISTER, 1966; IWAI, 1968 a) .
2. Fine structure of columnar epithelial cells. The columnar cells in both larvae and juveniles resemble each other in fine structure, and no fundamental differences are found between them. The striated border consisting of numerous regularly spaced microvilli, is developed along the luminal surface of the columnar cells (Fig. 2) parallel to the luminal surface and often tangled with the roots of the filament bundles from the microvilli. The terminal web and microvillous core are devoid of the cell organelles found in the remainder of the cytoplasm (Fig. 2) .
The nucleus, usually oval in shape, is located in the basal third of the cell. The margin of the nucleus is smooth and enclosed by a nuclear envelope composed of two closely apposed membranes.
Abundant oval or rod-shaped mitochondria, usually aligned with their long axes parallel to those of the cells are located in the supra-and infranuclear cytoplasm, but few are found in the lateronuclear cytoplasm. The Golgi apparatus, generally known to occur near the nucleus, is not well developed in the larvae, but in the juveniles, flattened cisterns and associated vesicles are aggregated laterodorsal to the nucleus. Profiles of endoplasmic reticulum, both granular and agranular components, are found in considerable number in the cytoplasm.
The former occurs throughout the cytoplasm whereas the latter predominates in the apical cytoplasm. The membranous lamellar structures are seen in the mid-basal portion of the cell. These are flattened sacs lined by a regular double parallel membrane. Most of them are arranged parallel to the long axis of the cell. Those located in the basal portion of the cells of the mid gut are remarkably developed and lie nearly perpendicular to the plane of the basal plasma membrane in close association with the grouped mitochondria.
Many ribosomes are freely distributed throughout the cytoplasm. Multivesicular bodies are occasionally seen in the supranuclear cytoplasm.
The lateral surface of the cell is smooth and no interdigitations of plasma membranes are observed.
The junctional complex, which is composed of a tight junction, intermediate junction and desmosome, is developed on the lateral plasma membranes at the level of the terminal web (Fig. 2) . Desmosomes binding adjacent cells firmly to one another occur at random on the lateral plasma membranes (Fig.  6 ). The intercellular space is not develeped between the lateral surfaces of the adjacent cells. The basal surface of the cell is rather smooth and rests on a thin homogeneous basement membrane.
3. Structural changes in the columnar epithelial cells after feeding. One hr after feeding with the experimental food the mid portion of the larval gut at the level of the posterior corner of the swim bladder was found to be filled with a creamy white viscid mass whereas the gut of non-fed larvae was empty. After 4hrs of feeding on the experimental food, the larval gut contents, though not so compact, were passed to the posterior portion of the gut. In juveniles 6hrs after feeding on the experimental food, the whole gut was gorged with a greenish viscid mass. The greenish coloring of the gut contents was undoubtedly due to the extraordinary secretion of bile, which perhaps was accelerated by the injection of a mixture of corn oil and casein.
Considerable changes occurred in the fine structure of the epithelial cells after the experimental food was administrated.
The gut was divided into the antero-mid portion and the posterior portion by the valvular projections of mucosa. This demaranterior corner of the last limb of the gut in the juveniles respectively.
The columnar epithelial cells in the mid gut of larvae were heavily loaded with Note a normal appearance of microvillar-terminal web area. fd fat fat droplets within 1hr after ingestion of the experimental food. In juveniles the mid gut columnar cells were also filled with a considerable number of fat droplets 6hrs after feeding (Fig. 3) . Especially in the anterior portion of the mid gut, the fat droplets, each provided with an enveloping membrane, were large and densely distributed throughout the cells (Fig. 4) . The number and size of the fat droplets apposed and deformed each other. These fat droplets were probably derived from the administrated corn oil. It was remarkable that these fat droplets were nearly absent in the terminal web layer that was characterized by closely packed fine filaments lying nearly parallel to the luminal surface (Fig. 3) . During fat absorption, the microvilli of the striated border were similar in fine structure to those in the fasting specimens. Although the apical plasma membrane occasionally dipped into the apical cytoplasm at the bases of the intermicrovllous spaces, pinocytotic vesicles including fat droplets were obscure in this portion. A considerable development of agranular endoplasmic reticulum was recognized immediately beneath the terminal web layer. The membrane bounding the fat droplets seemed to have a smooth surface, resembling that of an agranular endoplasmic reticulum. A number of ribosomes were clustered near the fat droplets. Many mitochondria in the supranuclear cytoplasm were intermingled with fat droplets. In the juveniles the Golgi apparatus was often associated with fat droplets (Fig. 4) . Membranous lamellar structures lying parallel to the long axis of the cell were seen in the infranuclear cytoplasm.
These structures were occasionally associated with fat droplets, but No fat droplets were detected in the intercellular spaces which were not well developed.
The columnar epithelial cells of the posterior gut were similar in their general features to those of the mid gut, but differed in some aspects during the feeding period. Both in larvae and juveniles following administration of the experimental food, the columnar cells in this portion became crowded with vacuoles containing electron lucent materials, instead of fat droplets (Fig. 5) . These vacuoles were spherical or irregular in shape, and bounded by the enveloping membrane.
The (Fig. 5, 6 ). Some bundles of fine filaments lay perpendicular to the luminal surface and were often associated with vacuoles (Fig. 5) those in the cells of the mid gut.
Discussion
The observations described in this paper corroborate the previous findings concerning the suggested mechanism for absorption of fat and protein in the gut epithelium of teleost larvae (IWAI, 1968 b, c; IWAI and TANAKA, 1968 a, b) . Electron microscopy revealed that columnar epithelial cells of the gut of teleost larvae thus far examined showed very similar absorption patterns (Fig. 7) . In these larvae the columnar epithelial cells are well differentiated and show a marked capacity for absorption.
Above all, in the carp, rainbow trout, and halfbeak, the gut epithelial cells are functional at the time when the larvae used up the yolk.
In larval and juvenile carp as well as in larvae of other species, fat absorption is predominant in the mid gut, but no discernible changes occur in the microvilli and terminal web during fat absorption.
In contrast to fat absorption, proteins are mainly taken up in bulk by means of pinocytosis in the posterior gut. Externally, recognition of the demarcation between the mid gut and the posterior gut is somewhat difficult, and little information is available for this condition. In such species as halfbeak, sea bass, and puffer, a slight constriction is visible on the gut wall, dividing it into two portions. Internally, valvular projections of mucosa are observed at this level. A good example of a distinct valve was described in the gut of embryos of the surf perch by ENGEN (1968) . Such valvular projections may be comparable with the intestino-rectal valve or ileo-rectal valve found in some adult teleosts (DAWES, 1929; BARRINGTON, 1957; HALE, 1965) . The situation in the rainbow trout and some cyprinids is less clear, but the histological feature such as the abundance of eosinophilic granules in the supranuclear cytoplasm of the columnar cells of well-fed individuals justifies the discrimination of a posterior gut. These eosinophilic granules seen by light microscopy are in the same location as the vacuoles containing supposedly absorbed protein seen under electron microscopy.
At any rate it is now evident that in many teleost larvae fat and protein are absorbed by different pathways. Similar observations have been conducted on newborn puppies. RUBIN (1966) fed colostrum and corn oil to puppies and found that protein was absorbed by means of pinocytosis, whereas fat was absorbed without any clear evidence of pinocytosis. The available data on fat absorption from studies on various animals seem to suggest two different mechanisms.
One of these, which has been deduced from electron microscopy is that the absorptive cells take up fat droplets by a process of pinocytosis (PALAY and KARLIN, 1959; MILLINGTON and FINEAN, 1963; STRAUSS, 1963; PALAY and REVEL, 1964) . However, none have demonstrated vigrorous pinocytotic activity enough to explain the rapid absorption of large amounts of fat. The other possibility for mechanism of fat absorption is that fat is absorbed by the cells in the form of monoglycerides and fatty acids (SJOSTRAND, 1963; PHELPS et al., 1964; CARDELL et al., 1967; DERMER, 1967; BERGOT and VODOVAR, 1967) . Morphological data of these studies did not support the hypothesis that pinocytosis is the major mechanism of fat absorption.
Thus this interpretation provides that fat is absorbed by a process of diffusion of monoglycerides and fatty acids from micellar solutions which are formed by digestion of fat in the intestinal lumen. Then the monoglycerides and fatty acids are resynthesized into triglycerides in the agranular endoplasmic reticulum.
In his extensive review, SENIOR (1964) postulated that both pinocytosis and diffusion mechanisms occur during fat absorption but that the latter process is more efficient and normally is the predominant mode of entry of fat.
In the intestinal absorptive cells of pre-and postnatal mammals, membrane invaginations and cytoplasmic vesicles are usually marked in relation to absorption (CLARK, 1959; BERGENER, 1962; VACEK, 1964; HAYWARD, 1967) . In fact, YAMAMOTO (1967) showed that lipid droplets are located in the intermicrovillous invaginations of the intestinal absorptive cells of the newborn rat. The pinocytotic activity is said to be common to digestive cells of some primitive organisms.
GAUTHIER (1963) demonstrated a process of pinocytosis of lipid droplets in the digestive cells of Hydra. The ingestion of particulate materials by intestinal absorptive cells in higher vertebrates may be a retained feature of a primitive mechanism when the glandular cells in the digestive tract have not matured. Therefore, one might expect an uptake of fat droplets by such a primitive mechanism as pinocytosis in the larval gut of teleosts as well. Contrary to this expect, however, the results of the present experiment revealed that cells containing an abundance of absorbed fat displayed fat droplets neither between microvilli nor in the terminal web. The absorbed fat appeared generally first in the form of droplets in the supranuclear cytoplasm. They often coalesced into unusually large globules in the basal portion of the cell. This is a common observation in the teleost larvae fed on a large amount of fatcontaining diet. It seems also common in teleost larvae that the excess lipids may be stored for a time in the form of globules lying in the cytoplasm of epithelial cells. The question may arise as to what process exists for such a rapid reassemblage of triglycerides into unusually large globules, and how lipoclastic activity is stimulated in the larval gut which bears immature accessory glandular structures. These problems evidently merit further exploration. It is well known that protein is absorbed by pinocytosis in the intestinal absorptive cells of newborn rats, mice, and golden hamsters (CLARK, 1959; BERGENER, 1962 The gut epithelium of larval and juvenile carp is composed principally of columnar cells and intermingled goblet cells. In the mid gut of juveniles so-called pear-shaped cells are occasionally found among the columnar epithelial cells.
On the basis of absorption patterns, the gut of larvae or juveniles examined after feeding can be divided into two major portions: the mid gut and the posterior gut. In the mid gut, columnar epithelial cells are crowded with fairly large fat droplets. During fat absorption the microvilli and terminal web of the columnar cells appear normal, and no pinocytotic invaginations are seen. On the other hand, in the posterior gut, the columnar epithelial cells are loaded with peculiar vacuoles containing electron lucent materials related to ingested protein.
In these cells, the apical cytoplasm is characterized by vigorous pinocytotic invaginations, small vesicles, tubules, and bundles of fine filaments, all associated with the vacuoles.
Electron microscopic observations revealed that fat and protein are absorbed by different pathways in teteost larvae. The mid gut appears to be mainly involved in fat absorption without a process of pinocytosis, and the posterior gut is mainly implicated in protein absorption by a process of pinocytosis.
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